We reviewed the case notes and X-rays of all patients with knee arthritis treated with yttrium-90 for the ®rst time at a single institution from November 1981 to November 1995. Outcomes were assessed as`improved' or`not improved' by review of the case notes at 3, 6 and 12 months, and by the absence of further intra-articular (IA) steroid injections. Of the 121 knees treated, 87 had adequate follow-up information to allow an assessment of outcomes. Overall, 46% (95% CI 36±57) were improved at 12 months and 37% (95% CI 27±47) had no further IA injections (mean follow-up of 3.5 yr). Knees with osteoarthritis (OA) fared signi®cantly worse with 10% (95% CI 0±29) vs 51% (95% CI 39±63) improved at 12 months (P < 0.05). Knees younger than 30 appeared to do better with 78% (95% CI 51±100) vs 28% (95% CI 17±45) having no further IA injections (P < 0.02). Knees with normal X-rays (Kellgren grade 0±1) did signi®cantly better than those with more severe radiographic abnormalities (Kellgren grade 3±4), with 56% (95% CI 40±73) vs 24% (95% CI 8±40) improved (P < 0.01). Radiosynovectomy with yttrium-90 for knee arthritis appears to be of less value for patients with OA or with secondary OA changes on X-ray, and may be of more value for younger patients and those with spondyloarthropathies. [11] . Despite this, it seems to have established a place in the therapeutic armamentarium of rheumatologists, as judged by its continued usage; perhaps because most controlled studies suer from small numbers and lack statistical power to show that yttrium radiosynovectomy is actually ineective.
RADIOSYNOVECTOMY for treatment-resistant synovitis of individual joints, i.e. despite systemic pharmacotherapy and intra-articular (IA) steroid injections, has been used since 1963 [1] . Yttrium-90 (Y90) became preferentially used in the 1970 s because of improved b radiation and little g radiation [2] . The reported success rate varies substantially from a 15% response rate at 1 yr [3] to 69.5% at 3 yr [2] . Of the randomized controlled trials [3±13], only two demonstrate an advantage of Y90 over IA triamcinolone [10] or methylprednisolone acetate [11] . Despite this, it seems to have established a place in the therapeutic armamentarium of rheumatologists, as judged by its continued usage; perhaps because most controlled studies suer from small numbers and lack statistical power to show that yttrium radiosynovectomy is actually ineective.
Initially used to control synovitis due to rheumatoid arthritis (RA), radiosynovectomy has more recently been used for other in¯ammatory arthropathies, osteoarthritis (OA) [12] and haemophiliac arthropathy [14] . It is unclear from the available evidence whether patients with particular arthropathies respond dierently to radiosynovectomy. For instance, a large retrospective review found a success rate of 71% at 12 months in patients with OA [15] , which contrasts with the ®ndings of a prospective study showing only a 41% success rate in a similar group of patients [3] . It is the loss of articular cartilage and changes in adjacent bone that are characteristic of OA, and although synovial in¯ammation may be present, this is considered to be a secondary response [16] . It might, therefore, be expected that radiosynovectomy would be ineective or only temporarily eective in OA.
We wished to examine the experience of a single institution using Y90 synovectomy over a period of 14 yr to assess the overall eectiveness and safety, and to de®ne the characteristics of responders.
METHODS
Yttrium synovectomy has been used only for knee joints in Wellington. A record of all patients receiving this treatment has been maintained since 1982. The procedure has followed a de®ned protocol: Y90 silicate is prepared to order in Amersham and¯own to Wellington to be used within 24 h of arrival; the patient is admitted and informed consent is obtained; the knee is aspirated and 40 mg of triamcinolone acetonide are injected; 5 mCi of Y90 silicate are injected through the same needle; the knee is splinted and the patient is bed-rested for 2 days.
The case notes and X-rays of all patients who received Y90 radiosynovectomy for the ®rst time between November 1981 and November 1995 were reviewed. Repeat synovectomies were not analysed. Outcomes were assessed (a) by a statement of bene®t at 3, 6 and 12 months as`improved' or`not improved' as recorded in the case notes and (b) by a surrogate marker of improvementÐabsence of further IA steroid injections. The most consistently recorded response to treatment in the case notes was found to be a global opinion from the physician or patient. An unequivocally positive or negative statement regarding response was taken to re¯ect outcome. If this information was not suciently explicit in the case notes, then the patient was excluded from analysis. X-rays were graded using the method of Kellgren and Lawrence [17] . Follow-up extended to the most recent clinic visit. Adverse eects, repeat procedures and subsequent knee arthroplasty were noted.
Possible factors that might have in¯uenced responsiveness that were noted included primary disease, age, duration of disease, time since ®rst IA injection to the treated knee, number of prior IA steroid injections and X-ray changes. Patients with inadequate documentation or follow-up data were excluded from subsequent analysis.
Signi®cance testing for dierences between subgroups used the w 2 distribution in a series of 2 Â 2 table analyses. Statistical signi®cance was taken to be P < 0.05. Con®dence intervals for proportions were calculated using standard methods. Agreement between the two outcome methods used the kappa statistic.
RESULTS
One hundred and twenty-one knees in 88 patients were treated over the time period. Of these, 87 (72%) knees had adequate documentation or follow-up information to allow an assessment of outcome.
Patients being followed up in private practice was the most common reason for missing data from the hospital case notes. Mean follow-up was 3.5 yr (range 0.3±13). The characteristics of these knees are shown in Table I . Most patients had RA, psoriatic arthritis (PsA) or OA (Table II) .
There were no serious adverse eects in this series of 121 knees, but a subsequent repeat radiosynovectomy in one of these patients was complicated by septic arthritis. There were no instances of needletrack burns.
Patients received a mean of 3.9 IA steroid injections over a period of 3.7 yr prior to the yttrium synovectomy.
Overall, 46% (95% CI 36±57) of knees improved at 12 months. Slightly less (37%, 95% CI 27±47) had no further IA injections after a mean follow-up of 3.5 yr. Sixteen per cent went on to knee arthroplasty after a mean of 3.0 yr and 22% had a further yttrium synovectomy after a mean of 2.9 yr.
There were no signi®cant dierences in terms of improvement rate or absence of further IA steroid injections with respect to sex, duration of disease, time since ®rst IA injection into the treated joint or the number of prior steroid injections into the treated joint (Table III) .
Patients with OA had a signi®cantly poorer response with 10% (95% CI 0±29) vs 51% (95% CI 39±63) (P < 0.01) improving at 12 months. The spondyloarthritis group exhibited a trend towards better outcome with 47% (95% CI 30±64) vs 24% (95% CI 12±36) not signi®cant (NS) not requiring a further IA injection, having previously had 3.8 IA steroid injections over the preceding 4.0 yr (Fig. 1 ). There were no signi®cant dierences between the disease groups in terms of number or frequency of prior IA steroid injections (Table IV) .
Signi®cantly more patients aged less than 30 had no subsequent IA steroids (78%, 95% CI 51±100 vs 28%, 95% CI 17±45, P < 0.02), but there were no dierences between the age groups with respect to improvement at 12 months (Fig. 2) .
Knees with no or minimal OA radiographic changes (Kellgren grade 0±1) responded better than those with more advanced changes (Kellgren grade 3±4) in terms of improvement at 12 months (56%, 95% CI 40±73 vs 24%, 95% CI 8±40, P < 0.01) (Fig. 3) .
Overall agreement between`improved at 12 months' and`no further IA steroid injections' was moderately good with kappa=0.46. DISCUSSION Overall, we found that Y90 radiosynovectomy was moderately eective, with 46% of knees improved from baseline after 12 months and 37% of knees having no further IA steroid injections at a mean of 3.9 yr following the procedure. This is similar to the overall ®ndings by other investigators. Knees with primary OA or radiographic OA changes responded poorly compared to other arthropathies. There was a trend to a greater response in patients younger than 30 yr and in those with spondyloarthropathies. Conclusions must be guarded due to the limitations of retrospective reviews, particularly selection bias, outcome criteria and loss to follow-up. Chemical synovectomy has been reviewed recently [18] . The authors interpret the literature as showing `both controlled and uncontrolled studies show a greater than 50% improvement with yttrium synovectomy'. However, this must be tempered by a success rate of 38% at 1 yr with IA saline [13] or 52% with triamcinolone hexacetonide [10] . Furthermore, the single placebo-controlled trial that demonstrates an advantage to yttrium showed a statistically signi®cant improvement in knee circumference (35% vs 10%, P < 0.05), but not eusion (65% vs 48%, NS), although the trend was similar. There was also no statistically signi®cant change in pain (57% vs 38%, NS) or`subjective improvement' (61% vs 38%, NS) [11] . A trial comparing IA Y90 with non-radioactive yttrium found no dierence in the ecacy of treating rheumatoid knees [5] . In this study, arthroscopic ®nd-ings appeared to be more marked in the patients treated with Y90, but clinical improvement seemed to be more related to the removal of large quantities of IA ®brin. There is thus a lack of satisfactory controlled trials of yttrium radiosynovectomy. This has led a meta-analysis to conclude that yttrium was superior to placebo, but not to IA triamcinolone hexacetonide. Furthermore, it has been shown that a single unpublished, negative placebo-controlled trial would invalidate the meta-analysis superiority of yttrium compared to placebo [19] . To complicate matters further, one of the trials incorrectly included in the meta-analysis of placebo vs yttrium actually compared methylprednisolone to yttrium [11] . This may mean that yttrium is more eective than placebo to a greater extent than the meta-analysis would suggest.
There are three controlled studies comparing yttrium synovectomy to IA steroids in the English literature [8, 10, 11] . The study by Szanto [11] demonstrated a signi®cant bene®t of yttrium compared to IA methylprednisolone (59% vs 14% improved at 12 months, P < 0.01), but suered methodological faults. The control knees were contralateral knees that also had eusions, but no mention is made of randomization or blinded clinical assessments. The ARC trial [8] , comparing yttrium with IA triamcinolone hexacetonide, was terminated prematurely because of recruitment problems. In the patients who were analysed, there was no dierence between the two treatments (42% vs 47%, NS). The other study comparing triamcinolone hexacetonide with yttrium [10] (only in abstract form) found a signi®cant dierence between the two treatments (72% vs 52%, P < 0.05). The improvement rates are somewhat higher than those found in other studies. There is thus only limited evidence from randomized controlled trials that yttrium is superior to IA steroids.
Studies comparing Y90 synovectomy to surgical synovectomy or chemical synovectomy with osmic acid show no dierences between these forms of treatment [4, 6] .
There are several limitations to retrospective studies. Importantly, how are the criteria on which an assessment of`improvement' is made derived? It is preferable for these to be based on explicit, validated outcome measures such as that proposed by the American College of Rheumatology [20] . Such information is not necessarily available in retrospective reviews and is a major limitation of this methodology. Our assessment of improvement was based on the clinical judgement of the treating physician and is, therefore, subject to bias. We therefore also looked at`absence of further IA steroid injections', which would be less subject to bias. This gave a less optimistic estimate of the overall response rate and differed from the`12 month improvement' result in a number of other instances. However, the overall agreement between`no further IA injection' and`12 month improvement' was moderately good.
Although the short-term eectiveness of a therapy is best evaluated by means of a controlled randomized trial [21] , we believe that valid conclusions can be drawn from this study for a number of reasons. Firstly, all patients treated with yttrium in the Wellington region were identi®ed by a prospectively maintained log book. This would tend to obviate selection bias. Secondly, the characteristics of patients with adequate outcome data were not signi®cantly dierent from those with inadequate outcome data. Thirdly, the inadequate response of these patients to previous IA steroids (mean number of previous IA steroid injections was 3.9) would suggest that a response rate of 46% at 12 months would be signi®c-antly better to further IA steroids or placebo. Without a control group, however, the issue of eectiveness cannot ever be adequately addressed. With similar biases aecting all patients, it is valid to compare the relative dierences in eectiveness amongst the various groups to identify characteristics of responders vs non-responders.
It is important to target a relatively expensive procedure (NZ$800 + three hospital bed days) to patients who will bene®t the most. We found that patients with OA responded poorly. This is perhaps not unexpected for reasons suggested above, but dif- fers substantially from another large retrospective review [15] which found an encouraging response rate in patients with OA. Possible reasons for the dierence in results include a slightly lower dose of Y90 in our practice (5 mCi vs 6 mCi), the use of an IA steroid 3 days prior to yttrium rather than immediately prior to yttrium as in our protocol, older patients in our study (51 yr vs 40.5 yr), and longer duration of disease in our patients (12.8 yr vs 7.8 yr). It seems unlikely that the dierences in technique would account for the dierence in results for the OA group considering that the results for RA patients were very similar as in the present study (46% success rate vs 53%). Possibly related ®ndings in our study were of better response rates in young patients (<30 yr) and patients with normal X-rays. Other studies have noted similar eects of abnormal X-rays [9] . It would appear that damaged or OA joints respond less well to yttrium radiosynovectomy.
It might be imagined that joints with a thinner synovium might respond better to radiosynovectomy because there will be a greater percentage ablation of the synovium in these patients than in those with a more thickened synovium. There is some support for this notion with the ®nding that patients with spondyloarthropathies had a better response (although not signi®cantly) than patients with RA or other arthropathies.
The eect of prior treatment with IA steroids was not marked. Neither the time elapsed since the ®rst IA steroid injection nor the number of prior steroid injections appeared to in¯uence the response rate to yttrium. It may be that pre-injection of steroids 2 or 3 days prior to radiosynovectomy would enhance the eectiveness of yttrium by decreasing the volume of synovium for the yttrium to ablate. This study is unable to determine the validity of this concept.
We suggest that yttrium radiosynovectomy is safe and moderately eective for in¯ammatory arthritides of the knee. It was of little bene®t for primary OA or knees with secondary OA changes on X-ray. A more de®nitive conclusion regarding the eectiveness of yttrium radiosynovectomy awaits the results of a suciently large controlled trial.
In the absence of such a study, and considering our results and a review of the evidence to date, our unit has formulated the following guidelines for the use of yttrium synovectomy for knee arthritis. These are intended to re¯ect a pragmatic approach to clinical practice in an area where evidence is less than ideal.
WELLINGTON REGIONAL RHEUMATOLOGY UNIT GUIDELINES FOR YTTRIUM SYNOVECTOMY
A. Criteria for consideration of treatment 1. In¯ammatory synovitis of the knee.
2. Radiographic changes no worse than Kellgren grade 2.
B. Adequate trial of alternative therapy
1. Generalized disease activity should be controlled with systemic pharmacotherapy. 2. Individual knee joints should receive at least two intra-articular injections of 20 mg triamcinolone hexacetonide systematic pharmacotherapy before judging this therapy as ineective.
C. Use a protocol demonstrated to be safe 1. Admit patients to hospital for 3 days. 2. Aspirate the knee joint, inject 50 mg of triamcinolone acetonide and then 5 mCi of yttrium-90 silicate through the same needle. 3. Nuclear Medicine technical sta to be present for assistance with disposal of syringes and needles and monitoring of the procedure. 4. Splint the knee and bed rest the patient for at least 2 days.
